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M.A.  POLI,  C.B.  TEMPLETON,  H.L.  THOMPSON  and  J.F.  HEWETSON. 
Clearance,  distribution,  and  elimination  of  the  brevetoxln  PbTx-3 

in  rats.  Toxicon  _ ,  _ - _ ,  19 _ .  -  After  intravenous 

administration,  [^HjPbTx-S  was  rapidly  cleared  from  the 
blood;  less  than  10%  remained  after  1  min.  Within  30  min, 
radiolabel  distributed  to  skeletal  muscle  (69.5%),  liver  (18.0%), 
and  Intestinal  tract  (8.0%).  Over  24  hr,  radiolabel  decreased  in 
muscle,  remained  constant  in  liver,  and  increased  in  the 
intestinal  tract  and  feces.  Elimination  occurred  via  feces 
(75.1%)  and  urine  (14.4%),  with  9.0%  remaining  in  the  carcass 
after  6  days.  This  distribution  and  elimination  profile 
suggested  that  liver  was  the  major  organ  of  metabolism  and  that 
biliary  excretion  was  an  important  route  of  elimination. 
Thin-layer  chromatography  confirmed  the  presence  of  brevetoxln 
metabolites  in  fecal  extracts.  Skeletal  muscle  does  not  appear 
to  be  a  site  of  metabolism,  but  a  storage  compartment,  from  which 
toxin  is  slowly  released  prior  to  clearance  by  the  liver.  These 
studies  are  the  first  demonstration  of  in  vivo  brevetoxln 
metabolism  in  mammals. 
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INTRODUCTION 


Brcvatoxlns  are  cyclic  polyether  neurotoxina  produced  by  the 
marine  dinoflagellate  Ptvchodlscus  brevis.  Blooms  of  this 
organism,  known  as  red  tides,  have  long  been  reported  along  the 
gulf  coast  of  the  United  States  and  recently  along  the  Atlantic 
coast  as  far  north  ac  North  Carolina  (TESTER  at  ,  1988).  To 
date,'  nine  potent  neurotoxins  have  been  extracted  and  purified 
from  P.  brevis  cell  cultures  (LIN  et  al.,  1981?  CHOU  and 
SHIMIZU,  1982;  GOLIX  et  ,  1982?  BADEN,  1983?  CHOU  et  1985? 
WHITEFLEET-  SMITH  et  al. ,  1986;  BADEN,  1989).  Each  is  a 
derivative  of  one  of  the  two  cyclic  polyether  backbones 
illustrated  in  Figure  1.  Structural  correlation  of  toxins  from 
these  different  laboratories  has  revealed  several  redundancies  in 
nomenclature  that  have  been  a  source  of  confusion  in  the 
literature.  The  system  of  POLI  et  il. ,  (1986),  in  which  each 
toxin  is  preceded  by  the  prefix  '*PbTx'*,  is  used  in  this  report. 
Several  excellent  review  articles  on  the  structure  and  chemistry 
of  the  brevetoxins  have  appeared  in  the  recent  literature 
(ANDEr^SON  et  al.  ,  1986;  BADEN,  1989). 

The  pathophysiology  of  these  compounds  results  from  direct 
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effects  on  voltage-sensitive  sodium  channels  in  excitable  cells 
(CATTERALL  and  RISK,  1981;  HUANG  Bt  ,  1984;  HUANG  and  WU, 
1989).  Electrophysiological  studies  (HUANG,  Sl.' t  1984, 
SHERIDAN  and  ADLER,  1989)  hAve  sho%m  that  exposure  of  neuronal 
cells  to  PbTx-3  causes  depolarization,  depression  of  the  action 
potential  and,  eventually,  complete  block  of  axonal  excitability. 
Activation  voltage  is  shifted  in  the  negative  direction,  leading 
to  stimulation  of  a  significant  fraction  of  channels  at  resting 
membrane  potentials.  In  mammalian  cells,  there  appears  to  be  no 
effect  on  the  inactivation  process  (SHERIDAN  and  ADLER,  1989) . 

The  toxins  PbTx-2  and  PbTx-3  have  been  shown  to  bind  to  a 
specific  receptor  site  (site  5)  that  is  distinct  from  other  known 
neurotoxin  receptor  sites  on  the  voltage-dependent  sodium  channel 
in  rat  brain  synaptosomes  (POLI,  et  ^. ,  1986)  .  other 
brevetoxins  have  been  demonstrated  to  displace  radiolabeled 
PbTx-3  from  this  receptor  site  (BADEIT,  1989) . 

Although  recent  advances  in  our  knowledge  of  the  site  and 
mechanism  of  action  of  the  brevetoxins  have  been  great,  there  has 
been  little  or  no  information  available  regarding  the  metabolism 
and  excretion  of  these  compounds  ^  vivo.  This  information  is 
important  for  the  screening  of  biological  samples,  and  may  reveal 
keys  for  designing  rational  approaches  to  the  treatment  of 
brevetoxin  intoxication.  A  preliminary  report  of  these  results 
will  appear  as  part  of  a  conference  proceedings  (POLI,  et  al. , 
1989) . 
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MATERIALS  AND  METHODS 


Radiolabeled  PbTx-3 

[SHlPbTx-l  (6. 0-9. 4  cl/suDole)  was  prepared  by  Dr.  D.G. 

Baden  (University  of  Miami,  Miami,  FL)  by  the  reduction  of  PbTx-2 
with  [3H] sodium  borohydride,  as  previously  reported  ( POLI  et 
al. .  1986).  Purity  was  greater  than  99%,  as '  indicated  by  a 
single  UV-absorbing  peak  on  HPLC  analysis.  A  stock  solution  of 
100  pg/ml  in  ethanol  was  kept  in  a  freezer  at  -10^ C  and  dilutions 
made  immediately  prior  to  use. 

Plasma  clearance 

Male  rats  (Sprague-Dawley,  300-400  g,  Charles  River 
Laboratories,  Wilmington,  MA)  were  administered  1.5  pCi  (9.4 
Ci/mmole,  0.14  pg)  [3H]PbTx-3  via  a  cathdter  into  the 
cranial  vena  cava.  The  toxin  was  given  as  a  bolus  injection  in 
200  pi  phosphate-buffered  saline,  pH  7.4,  containing  0.01% 
emulsifier  (Emulphor  EL-620,  GAF  Corp,  New  York,  NY) .  Beginning 
immediately  .after  toxin  administration  and  continuing  for  2  min, 
blood  samples  (three  drops,  37  pi)  were  collected  continuously 
from  an  aortic  catheter  directly  into  scintillation  vials.  These 
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samples  were  decolorized  with  100  pi  hydrogen  peroxide  for  2  hr 
at  room  temperature,  acidified  with  25  pi  2N  HCl,  and 
radioactivity  measured  in  a  Beckman  scintillation  counter 
(Beckman  Instruments,  Inc.,  Fullerton,  CA) . 

Elimination 

Male  Sprague-Dawley  rats  (180‘*200  g)  were  administered  an 
intravenous  bolus  dose  of  19  pCi  (9.4  Ci/mmole,  1.8  pg) 

[3H]PbTx-3  into  the  penile  vein  in  0.5  ml  phosphate-buffered 
saline  containing  0.01%  emulsifier.  The  animals  were  placed  in 
glass  metabolic  cages  and  allowed  food  and  water  ^  libitum. 

After  12  hr  and  every  24  hr  for  6  days,  urine  and  feces  were 
collected  and  frozen.  Feces  samples  were  thawed,  homogenized 
with  distilled  water  in  a  total  volume  of  40  ml,  and  triplicate 
0.2  ml  aliquots  oxidized  with  a  Harvey  0X300  Biological  Oxidizer 
(R.J.  Harvey  Instrument  Co.,  Hillsdale,  NJ) .  Aliquots  of  urine 
(0.5  ml)  were  oxidized  directly.  The  radioactivity  in  each 
sample  was  measured  as  above.  To  determine  the  amount  of 
administered  radiolabel  remaining,  the  animals  were  killed  after  . 
6  days,  and  the  carcasses  dissolved  in  750  ml  of  2N  sodium 
hydroxide  at  85^ C  for  48  hr.  Aliquots  (0.25  ml)  were  acidified 
with  0.75  ml  2N  HCL  and  counted  as  described  above. 

Organ  distribution  of  f3H1PbTx-3 

Five  groups  of  three  male  Sprague-Dawley  rata  (250-330  g)  were 
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sanples  am 


Stoaachs , 


adainisterad  an  intravenous  bolus  dose  of  2.0  pCi  (9.4  Cl/mmole, 
0.19  Mg)  [>H]PbTx-3  into  the  penile  vein  as  described  above. 

At  intervals  of  30  min,  3  hr,  6  hr,  12  hr  and  24  hr,  one  group 
was  killed;  and  hearts,  kidneys,  testes,  lungs,  stomachs, 
intestines,  livers,  and  sanples  of  skeletal  nuscle  and  fat  were 
removed,  wiighed,  and  quickly  frozen  in  liquid  nitrogen.  Tissue 


d  snail  organs  were  analyzed  for  radioactivity  by 


direct  oxidation  in  the  biological  oxidizer  as  described  above. 


intestines,  and  carcasses  were  dissolved  in  2N  NaOH  for 


96  hr  at  8S^C  and  aliquots  were  removed  and  oxidized  as  above. 
Radiplabel  remaining  in  the  carcass  was  detemined  by  subtracting 
counts  associated  with  skeletal  muscle  from  the  total  carcass 
counts.  For  this  calculation,  skeletal  muscle  was  assumed  to 
constitute  40%  of  the  total  body  weight  (Charles  River  Breeding 
Labs,  personal  communication).  Urine  and  feces  were  collected  at 
12  and  24  ir,  and  assayed  as  described  above. 

Thin-layer  chromatography  o£  fecal  samples 


Feces  (3.39  g)  collected  at  48  hr  was  homogenized  with 
distilled  vater  with  a  Brinkmann  tissue  homogenizer  (Brlnknann 
Instruments,  Inc.,  Hestbury,  NY)  in  a  total  volume  of  40  ml. 

This  homog-tnate  was  stirred  for  15  min  at  room  temperature  with 
two  volumes  of  HPLC-grade  acetone  and  filtered  through  Whatman  #1 
filter  paper  (Whatman  Ltd.,  Maidstone,  England).  The  filter  cake 


was  extracted  twice  more  and  the  filtrates,  containing  90-95%  of 


/ 

/ 

/ 

/ 

the  total  radioactivity,  were  combined  and  evaporated  to  dryness 
under  vacuum.  The  residue  was  dissolved  in  50  ml  90%  methanol 
and  liquid-liquid  partitioned  three  times  with  60  ml  light 
petroleum  ether.  The  ether  fraction  was  back-extracted  with  50 
ml  90%  methanol  and  this  was  added  to  the  original  methanol 
fraction.  The  ether  fraction,  which  contained  negligible 
radioactivity,  was  discarded.  The  90%  methanol  fraction  was 
evaporated  to  dryness  under  vacuum  and  the  residue  dissolved  in 
50  ml  chloroform.  The  remaining  chloroform- Insoluble  material 
was  dissolved  in  50  ml  distilled  water  and  extracted  once  with  25 
ml  fresh  chloroform.  This  chloroform  wash  was  added  to  the 
original  chloroform  fraction  and  evaporated  to  dryness  under 
vacuum.  The  residue  was  then  re-dissolved  in  25  ml  fresh 
chloroform.  This  fraction  contained  85%  of  the  extracted 
radiolabel  with  15%  remaining  in  the  water  fraction. 

A  1-ml  aliquot  of  the  chloroform  extract  was  streaked  onto  a 
10  X  20  cm  high-performance  silica  thin-layer  chromatography 
(TLC)  plate  (Whatman  High  Performance  Diamond  Systeiv.  HP-KF,  200 
micron  layer,  Whatman  Chemical  Separations,  Inc.,  Clifton,  NJ) . 
The  plate  was  developed  in  a  mobile  phase  of  chloroform/ethyl 
acetate/95%  ethanol  (50/25/25),  dried  and  developed  again  in  the 
same  solvent  system  in  a  ratio  of  80/10/10.  After  drying,  the 
plate  was  scanned  for  peaks  of  radioactivity  with  a  Bioscan 
BID200  Imaging  scanner  (Bioscan,  Inc.,  Washington  D.C.). 
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HPLC  analysis  of  akeletal  muscle  extracts 

Two  nalo  Sprague-Dawley  rata  (454-470  g)  ware  infused  with  25 
ug/kg  PbTx-3  containing  0.7  pg  [3H]PbTx-3  (9.4  Ci/imnole)  as 
described  for  the  plasna  clearance  experisents  except  that  a  1-hr 
infusion  was  used  rather  than  a  bolus  dose.  This  extended 
infusion  time  prevented  the  transient  cardiac  pathophysiology 
associated  with  a  bolus  injection  of  this  dose  of  toxin.  After 
24  hr,  the  rats  were  killed  and  skeletal  muscle  was  collected  and 
frozen. 

Frozen  muscle  tissue  (37  g)  was  thawed  and  homogenized  with 
distilled  water  in  40  ml  total  volume.  This  homogenate  was 
extracted  as  described  above  except  that,  after  partitioning  with 
light  petroleum  ether,  the  90%  methanol  fraction  was  evaporated 
and  the  residue  taken  up  in  3  ml  HPLC  grade  methanol.  Samples  of 
this  extract  were  analyzed  for  [3H]PbTx-3  and/or  metabolites 
by  HPLC  with  a  reverse-phase  c^a  column,  250  x  4  mm,  5  pm 
particle  size  (BioRad  Laboratories,  Richmond,  CA)  and  a  nonlinear 
methanol/water  gradient.  The  elution  was  begun  at  40%  methanol 
and  this  ratio  held  constant  for  5  min,  at  which  time  the 
methanol  was  increased  to  85%  over  10  min  and  maintained  at  that 
level  for  an  additional  15  min.  Finally,  the  methanol 
concentration  was  decreased  to  40%  over  5  min.  Flow  rate  for  the 
mobile  phase  was  maintained  at  0.8  ml/rain.  Fractions  from  the 
column  were  collected  with  an  LXB  2212  Helirac  fraction  collector 
(LKB- Product nr  AB,  Bromma,  SWE)  and  the  radioactivity  measured  as 
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d«scrib«d  above. 


After  intravenous  adainistration,  [3H]PbTx-3  was  rapidly 
cleared  fron.  the  circulation;  less  than  10%  renained  after  1  Bin 
(Pig.  2).  In  the  first  30  Bin  after  circulatory  clearance,  the 
radiolabel  distributed  to  skeletal  Buscle  (69.5%),  liver  (18.0%), 
and  intestinal  tract  (8.0%)  (Table  1).  Over  the  course  of  24  hr, 
radiolabel  decreased  to  18.9%  in  Buscle,  increased  to  25.4%  in 
the  intestinal  tract,  and  rsBained  nearly  constant  in  liver 
(11.7%).  A  SBall  aBount  (1.6%)  was  detected  in  the  stosach  at 
this  tins.  At  cll  tiBS  points,  only  a  ssall  percentage  of 
radiolabel  was  detected  in  the  heart,  kidney,  testes,  and  lung. 
Previous  experisents  (data  not  shown)  indicated  negligible 
radiolabel  (<0.05%)  distributed  to  the  brain  and  spleen. 
Radioactivity  was  detectable  in  the  feces  (6.7%)  and  urine  (5.6%) 
after  12  hr,  and  increased  to  21.2%  and  8.2%,  respectively,  after 
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24  hr.  At  all  time  points  greater  than  30  min,  a  significant 
percentage  of  radiolabel  (7.9-17.2%)  remained  in  the  carcasses. 

Elimination  occurred  primarily  through  feces,  although  a  small 
amount  was  detected  in  urine  (Pig.  3).  After  48  hr,  65%  of  the 
administered  radiolabel  had  been  eliminated  via  feces  while  only 
10%  was  eliminated  in  the  urine.  Elimination  was  essentially 
complete  by  day  3.  After  6  days,  75.1%  of  the  radiolabel  had 
been  eliminated  in  the  feces,  14.4%  in  the  urine,  and  9.0%  was 
residual  in  the  rats. 

Thin-layer  chromatographic  analysis  of  fecal  extracts  (Fig.  4} 
indicated  several  peaks  of  excreted  radiolabel  that  differed  from 
the  parent  toxin.  HPLC  analysis  of  skeletal  nuscle  extracts, 
however,  indicated  only  the  presence  of  parent  toxin  (Fig.  5) . 
Samples  of  body  fat  collected  at  30  min  indicated  radiolabel  was 
present  at  5,000-7,000  dis/min/g.  However,  the  difficulty  in 
determining  the  amount  of  total  body  fat  in  each  animal  precluded 
accurate  quantification  of  this  pool,  and  therefore  fat  samples 
from  other  time  points  were  not  analyzed. 


DISCUSSION 


Radiolabel  distribution  and  elimination  profiles  described 
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here  suggest  that  liver  was  the  najor  organ  of  aetabolisa  for 
PbTx-3,  and  that  biliary  excretion  was  an  iaportant  route  of 
eliaination.  Over  the  course  of  24  hr  after  toxin 
adainistration,  the  proportion  of  radiolabel  reaained  constant  in 
liver  as  toxin  was  processed,  yet  increased  in  the  intestinal 
tract  and  in  feces  as  radiolabel  was  excreted  via  the  bile. 
Thin-layer  chroaatography  of  lipid  extracts  of  feces  deaonstrated 
several  peaks  of  excreted  radiolabel  that  differed  froa  the 
parent  toxin.  This  suggests  that  PbTx~3  is  aetabolized  ^  vivo 
prior  to  eliaination.  While  aetabolisa  by  gut  flora  cannot  be 
ruled  out  as  a  source  of  fecal  aetabolites,  other  experiaents 
with  isolated  perfused  rat  livers  (PACE,  et  ,  1987)  and 
isolated  rat  hepatic  cells  (POLl  et  ,  1989)  exposed  to 
[3H]PbTx-3  have  deaonstrated  tiae^dependent  generation  of 
radiolabeled  brevetoxin  aetabolites  and  biliary  el^  ination  of 
those  aetabolites.  Metabolisa  by  other  tissues  also  cannot  be 
ruled  out;  but  neither  heart,  kidney,  testes,  nor  lung  contained 
appreciable  radiolabel  at  any  tiae  point,  and  the  saall  aaount  of 
radiolabel  eliainated  in  the  urine  aay  be  explained  by  renal 
clearance  of  hepatic  metabolites. 

Skeletal  auscle  contained  a  significant  proportion  of  the 
total  adalnistered  radiolabel  at  all  tiae  points,  although  the 
concentration  was  always  low  on  a  per-graa  basis.  This  probably 
resulted  froa  the  large  proportion  of  the  total  body  weight 
attributable  to  the  auscle  mass,  and  the  relatively  high 
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solubility  of  PbTx-3  in  sssbrsns  lipids.  Ns  bslisvs  that  ths 
slcslstal  suscls  is  not  a  sits  of  satabolisa,  but  a  storags 
coNpartasnt,  fron  which  frss  toxin  is  slowly  rslsasod  into  ths 
circulation  and  claarsd  by  ths  livar  prior  to  Bstabolisa  and 
sxcrotion  into  tha  Intastinal  tract  via  tha  blla.  This  viaw  is 
supportad  by  HPLC  analysis  of  radiolabal  axtractad  frooi  skalatal 
suscla,  idiich  only  parant  toxin  was  prasMt. 

Tha  radiolabal  raaaining  in  tha  carcass  aftar  24  hr  (11.7%) 
was  not  significantly  diffarant  than  that  aftar  6  days  (9.0%). 
Thxs  includad  labal  in  all  othar  tissuas  as  wall  as  that 
dlssolvad  in  body  fat.  As  body  fat  is  vary  poorly  vascular izad, 
and  PbTx->3  is  highly  lipophilic,  radiolabal  say  claar  this 
cowpartaant  slowly,  parhaps  raquiring  waaks  for  coaplata 
dapuration. 

Thasa  axpariaants  constituta  tha  first  daaonstration  of 
in  vivo  bravatoxin  aataboliss  in  saasals.  So  far,  structural 
datarainations  hava  baan  hindarad  by  a  shortaga  of  purifiad 
satabolitas.  Isolation  and  structural  analysis  of  tha  sajor 
aatabolitas  should  yiald  isportant  inforsatlon  on  biochaaical 
procassing  of  PbTx-3  iji  vivo,  and  tharafora  say  suggast  viabla 
aathods  of  traatsant.  Purthar,  if  biological  sasplas  such  as 
sanis,  urina,  or  facaa  ara  to  ba  assayad  to  datarsina  bravatoxin 
axposura,  than  targating  tha  appropriata  structuras  is  crucial. 
Toward  thasa  ands,  furthar  isolation,  purification  and  direct 
cosparison  of  both  ^  vivo  and  ^  vitro  satabolitas  is  in 
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PIG.  1.  STRUCTURES  OP  THE  BREVETOXINS 
(A)  PbTx-2  and  derlvativea; 


PbTx-2: 

R,-H, 

R2-CH2C(-CH2)CH0 

PbTx-3: 

Ri-H, 

R2-CH2C(-CH2)  CH2OH 

PbTx-5 : 

Ri*Ac 

R2-CH2C(-CH2)  CHO 

PbTx-6: 

Rl«H 

R2-CH2C(-CH2)CH0  (27,28  •poxid®) 

K)Tx-8; 

Rt-H 

R2-CH2COCH2CI 

PbTx-9: 

Ri-H 

R2-CH2CH(CH3)CH20H 

(B)  PbTx-1  and  derivatives; 
PbTx-1:  R-CH2C(CH2)CH0 
PbTx-7 :  R»CH2C  ( CH2 )  CH2OH 
PbTx-10:  R-Ch’2CH(CHj)ai20H 


/ 


A 


B 


FIG.  2.  CIRCUIATORY  CLEARANCE  OF  RAOIOLABEL  IN  RATS  AFTEIR 
INTRAVENOUS  ADMINISTRATION  OF  [5HlPbTx-3 

Two  rats  vsr«  administered  1.5  )ici  (0.14  pg)  [3H]PbTx-3  as  a 
bolus  Injection  via  catheter  into  the  cranial  vena  cava. 

Beginning  immediately  after  toxin  injection,  blood  samples  (bhree 
drops,  37  pi)  were  collected  continuously  from  an  aortic  cat!ieter 
directly  into  scintillation  vials  and  assayed  for  radioactivity. 
Each  line  represents  data  from  a  single  animal. 


TABLE  1.  DISTRIBUTION  OF  RAOIOLABEL  IN  RAT  TISSUES  AFTER 
INTRAVENOUS  ADMINISTRATION  OF  [3H]R>Tx-3 


TISSUE  PERCENT  TOTAL  RECOVERED  DOSE 


30  nin 

3  hr 

6  hr 

12  hr 

24  hr 

HEART 

1.6% 

1.0% 

1.1% 

0.4% 

0.3% 

(0.23) 

(0.06) 

(0.06) 

(0.02) 

(0.03) 

KIDNEY 

1.4% 

1.1% 

0.9% 

0.5% 

0.5% 

(0.01) 

(0.06) 

(O.Cl) 

(0.04) 

(0.03) 

TESTES 

0.4% 

0.5% 

0.3% 

0.4% 

0.3% 

(0.03) 

(0.01) 

(0.01) 

(0.02) 

(0.40) 

LUNG 

0.4% 

o.s% 

0.4% 

0.2% 

0.3% 

(0.03) 

(0.05) 

(0.03) 

(0.02) 

(0.03) 

STOMACH* 

0.4% 

0.6% 

0.7% 

0.3% 

1.6% 

(0.01) 

(0.1) 

(0.03) 

(0.06) 

(0.3) 

MUSCLE** 

69.5% 

56.0% 

39.2% 

23.6% 

18.9% 

(2.9) 

(1.1) 

(1.0) 

(0.5) 

(2.4) 

LIVER 

18.0% 

16.7% 

18.6% 

11.8% 

11.7% 

(1.6) 

(0.1) 

(1.4) 

(0.5) 

(0.4) 

INTESTINES*  8.0% 

15.7% 

21.5% 

37.0% 

29.4% 

■ 

(0.3) 

(0.4) 

(1.6) 

(1.3) 

(1.2) 

FECES 

NC 

NC 

NC 

6.7% 

21.2% 

(2.6) 

(2.3) 

URINE 

NC 

NC 

NC 

5.6% 

8.2% 

(0.3) 

(4.7) 

CARCAS^ 

0.3% 

7.9% 

17.2% 

13.9% 

11.7% 

(2.0) 

(1.8) 

(0.7) 

(0.2) 

(1.5) 

Valuas  rapraaant  maans  (SEN) ;  n»3 

*  Stonach  and  intastinaa  uara  ahalyzad  with  contants 
**S}calatal  nuacla  waa  aaaunad  to  conatltuta  40%  of  total  waight 
tRadiolabal  aaaociatad  with  akalatal  nuacla  haa  baan  aubtractad 
NC:  not  collactad 


PIG.  3.  ELIMINATION  OP  RAOIOIABEL  APTER  INTRAVENOUS 
ADMINISTRATION  OP  [SH]PbTX-3  TO  RATS 

Rats  wars  admlniatarad  19  uCi  (1.8  pg)  [SH]PLTx-3  as  a  bolus 
intravsnous  doss  and  housad  in  satabolic  cagas  for  6,  days.  Orina 
(A)  and  facas  (•)  wara  collactad  and  assayad  for  radioactivity  at 
tha  indicatad  tisa  intarvals.  Each  point  raprasants  tha  maan 
(^SO)  of  thraa  animals. 


PIG.  4.  THIN-IAYER  CHROMATOGRAPHY  OF  RAT  FECAL  EXTRACTS  AFTER 
INTRAVENOUS  AIMINISTRATION  OF  [3H]PbTx>3 

Rat  faces  collected  48  hr  after  intravenous  adsinistration  of 
[SH]PbTx-3  was  llpld-extracted  as  described  in  Materials 
and  Methods.  An  aliquot  of  this  extract  was  chronatoigraphed  on  a 
silica  gel  200  pn  high  performance  TLC  plate  by  a  two-step 
development  in  a  mobile  phase  of  chloroform/ethyl  acetate/95% 
ethanol  (50/25/25  followed  by  80/10/10).  The  plate  was  scanned 
for  radioactivity  by  a  Bioscan  BID200  imaging  scanner.  Several 
radioactive  peaks  resolved  which  were  distinct  from  the  parent 
toxin,  suggesting  in  vivo  metabolism  of  [SM]PbTx-3.  In  a 
separate  run,  [3H]PbTx-3  standard  migrated  as  a  single  peak 
with  Rf -  0.74. 


FIG.  5.  HPLC  ANALYSIS  OP  RAOIOLABEL  EXTRACTED  FROM  RAT  SKELETAL 
MUSCLE  AFTER  INTRAVENOUS  AUflNISTRATION  OF  [3H]PbTx-3 

Rat  skalatal  auscla  collactad  24  hr  aftar  a  l«hr  intravanoua 
infusion  of  [3H]PbTx-3  was  axtractad  as  dascribad  in 
Matariala  and  Mathods.  Tha  axtract  was  analyzad  by  ravarsa  phasa 
HPI£  on  a  250  x  4  as  Ctt  analytical  coluam  using  a  nonlinaar 
sathanol/vatar  gradiant  as  tha  sobila  phasa.  Fractions  wars 
collactad  and  analyzad  for  radioactivity  by  liquid  scintillation 
counting.  Tha  flow  rata  was  maintainad  at  0.8  al/nin.  (A) 
Skalatal  suscla  axtract,  (B)  [5H3PbTx-3  standard. 


